All dynamic pedestrian load models for serviceability control on pedestrian bridges which can be found in Eurocodes (EC) 
INTRODUCTION

According to current European norm EN 1990
[09] a verification of the comfort criteria for serviceability due to pedestrian traffic should be performed if the fundamental frequency of the bridge deck is less than 5 Hz for vertical vibration and 2,5 Hz for horizontal lateral and torsional vibrations. To satisfy the serviceability limit state in relation to vibration due to pedestrians the maximum value of dynamic response of the bridge deck should be smaller than the value of comfort criteria defined through the corresponding value of bridge deck dynamic response.
To conduct the dynamic analysis of the pedestrian bridge due to pedestrian traffic appropriate dynamic models of pedestrian loads and comfort criteria should be defined (EN 1991-2 [10] ). The comfort criteria, in terms of maximum acceptable accelerations of any part of the bridge deck can be found in EN 1990 as recommended maximum values, but also the comfort criteria may be defined in the National Annex of EN 1991-2 or may be defined for individual project. The dynamic models of pedestrian loads, according to EN 1991-2, may be defined in the National Annex or for the individual project. Unfortunately, in EN 1991-2 there are no recommended models and many European countries did not define them in their National Annexes (e.g. Croatia [11] , Romania [18] , Germany [04] and Austria [17] ). In such case the designer may use the dynamic models of pedestrian loads defined in some other National Annex (e.g. British [16] ), or in some guide for design of pedestrian brides according to Eurocode [15, 08, 06, 07, 03] to calculate the maximum acceleration of the bridge deck. Also the designer can determine the maximum acceleration of bridge deck composed of simply sup , 329 ported beams or trusses and 2 or 3 span continuous beams using simple analytical formulae presented in ENV 1995-2 [05] , EN 1995-5 [09] or other literature sources [08, 19, 02] . All dynamic pedestrian load models which can be found in codes of guides [16, 15, 08, 06, 07, 03, 13, 14] are based on dynamic load model of single pedestrian. Single pedestrian load model is defined, in general, in two ways: (1) as a pulsating force moving over the bridge deck with a certain constant speed [16, 15, 07, 03, 05, 13, 14] , (2) or as a pulsating stationary force acting at the most adverse position of the bridge deck; time of force acting is identical to time needed to force cross the bridge deck with the certain constant speed [08, 06] . The analytical formulae for determination of maximum acceleration of simple structures are based on response of single degree of freedom oscillator due to single pedestrian pulsating stationary force of limited or unlimited duration. Though the model of moving pulsating force is similar to real character of pedestrian loading (walking along the bridge) the load model based on pulsating stationary force may be concurrent in bridge design for the reason of simplicity of acceleration assessment and lack of easily available software able to conduct dynamic analysis due to moving loads. Although it is easier to obtain the maximum acceleration due to pulsating stationary force it is necessary to establish a convenient stationary load model (i.e. the stationary load model which produces the same maximum dynamic response of a structure as the moving load model). The dynamic load model of single pedestrian in vertical direction Fv(t) is usually defined as pulsating harmonic force presented in Eq. (1) [16, 15, 08, 06, 05, 13] (1) where G 1 is amplitude of the pulsating force and fv is fundamental bridge frequency in vertical direction and t is the time. Pulsating force moving along the bridge span with a certain constant speed do not produce the same maximum dynamic response as a same pulsating stationary force acting at the most adverse position of the bridge deck with limited duration, where duration equals the time needed to moving force cross the span. The reason of mentioned difference is the variation of the mode shape amplitude along the walking path in the case of moving force. Therefore, the amplitude of stationary pulsating force have to be factorised by the reduction factor in a way that both load models (stationary and moving) cause the same maximum structural dynamic response. The reduction factors proposed in load models based on stationary pulsating force in codes or guides [08, 06, 05, 09, 01] are introduced as the constant value even though it is known that constant factor could not involve all possible situations produced by different bridge structures. This paper, for reason of simplicity, deals only with single beam structures though the model of stationary pulsating force can be used for any structural system (such as continuous beams, arches or cable-stayed systems). In this paper the structural parameters (structural system, span length, structural frequency and structural damping) affecting the reduction factor in pedestrian load model based on stationary pulsating force will be researched. Only the vertical component of the pedestrian load will be in focus in this paper.
CALCULATION OF THE MAXIMUM ACCELERATION
In this chapter, the calculation of the maximum acceleration will be done for stationary and moving pulsating force defined as in Eq. (1) for following structural parameters: bridge structural system: simple supported beam and fixed beam span length L: 15 m and 20 m structural natural vertical frequency fv: 1 Hz to 5 Hz (in steps of 0.4 Hz) structural damping : 0,5%, 1%, 1,5%, 2% Structural dynamic analysis of each bridge deck is done using software DARK [20] , suitable for static and dynamic analysis of 2D beam structures due to moving or stationary, pulsating or constant force. The deck structure with the span length L is modeled using n beam finite elements. Each finite element is defined by the following geometrical, material, and cross-sectional properties: element length L=L/n, dynamic modulus of elasticity Ed, moment of inertia I, specific weight , and crosssectional area A of the bridge deck.
For conduction of dynamic analysis, it is also necessary to specify the structural damping , number of time steps m, duration of each time step t, force speed v and amplitude of pulsating force G 1 . The relationship between the number of time steps and the duration of a time step is m=T/ t where the total time T of the force acting equals the time needed for the pedestrian to cross the span L (T=L/v). All numerical models taken into analyses in this paper consist of n=50 beam elements, each length of L=L/50. The bridge deck structure in all analysed structural variants has the same bridge deck crosssection width b=4 m, dynamic modulus of elasticity Ed=3.36x10 7 k N /m 4 a n d specific weight =25 kN/m 3 . The heights h of the bridge deck cross-section for simple supported (ss) and fixed (fix) bridge decks of 15 m and 20 m length, taken into analyses, can be seen in Ta b le 1 in dependence of the first vertical frequency f v . The dynamic analyses are conducted using m=1000 time steps, each in duration of t =T/1000. The force speed is taken as v=0.9xfv as it is defined in [9, 10, 13, 17] The calculated values of maximum bridge deck acceleration due to moving pulsating force and stationary pulsating force for simple supported and fixed decks of span of L=15 m and L=20 m in dependence of the first vertical frequency fv and structural damping can be seen in Ta b les 3-6.
CALCULATION OF THE REDUCTION FACTOR
As it is previously mentioned the reduction factor is, in fact, the ratio between dynamic response of the structure due to pulsating force which moves along the bridge with a certain speed and dynamic response due to the same pulsating force acting at most adverse position of the bridge deck. In this paper, the reduction factor is determined as the ratio of maximum accelerations due to the same model of moving pulsating force and stationary pulsating force. The reduction factors for different structural systems and span lengths in dependence with structural damping and structural frequencies are shown in Ta b les 7-10. Figure   Figure 1 : Reduction factor in dependence with structural system, structural damping and span length
In contrary to frequency changes, changes in structural system as well as changes in structural damping and span length result with changes in reduction factor as it can be seen in Figure 1 : The reduction factor increase with increasing in structural damping, The reduction factor are greater for longer spans, The reduction factor for fixed beam are smaller than the corresponding values for simply supported beam (for the same span length and structural damping). Although the paper deals only with short single span bridge deck structures it can be seen that definition of unique value of the reduction factor in model of dynamic stationary pulsating force [08, 06, 05, 09, 01] can greatly underestimate (up to 23% for simply supported deck of 20 m length and =2% if R=0,6) or overestimate (up to 25% for fixed deck of 15 or 20 m length and =0,5% if R=0,7) the maximum deck acceleration due to single pedestrian load model. As the reduction factor increases with the span length it is expected that the underestimation of maximum acceleration will be even greater for bridge with spans longer than those analysed in this paper. In the future, this research should be expanded to a longer spans, continuous beamlike decks in a way to implement the use of the convenient reduction factor in determination of pedestrian dynamic load model based on stationary pulsating force for beam bridge structures.
